Objective: The aim of the study was to estimate the technical and cost efficiencies of smallholder dairy farms in Kenya (Embu and Meru counties). Methodology and results: Data were collected through a cross-sectional survey from 135 (96 in Embu and 39 Meru) randomly sampled farms using semi-structured questionnaires. Stochastic frontier production and cost functions were estimated using the maximum likelihood estimation (MLE) technique. It revealed zero-grazed herds of four animals (mainly Friesians and Ayrshires) on two-acre sized farms that practice mixed crop-livestock farming system. The animals were underfed daily with roughages (52.2 Kg), concentrates (2.2 Kg) and mineral supplements (37 g); producing 15 Kg of milk on average. The major factors influencing milk output were the number of lactating cows and the amounts of roughages, concentrates and mineral supplements, while the prices of roughages and labour caused most variation in its production cost. The mean farmers' technical and cost efficiencies were 83.7 and 95.6%, respectively. The production model coefficient was 2.11. These results implied that milk production could be increased by 16.3% through better use of available resources given the current state of technology without extra cost, while the cost of milk production could be decreased by about 4.4% without decreasing output.
INTRODUCTION
Growth in agricultural production and productivity is needed to raise rural incomes and to meet the food and raw material needs of the fast growing populations. Livestock have an important part to play, as they provide high-quality protein to consumers and regular income to producers. To fulfil their potential sustainably, livestock must be managed with efficiency (FAO, 2011) . The profitability of the dairy farming business requires both the production units (cows) and the most appropriate inputs. The business starts with an understanding of the theory and practice of dairy production technology (Moran, 2009 ). Kenya's dairy sub-sector accounts for about 3.8 % of the National gross domestic product (GDP) and directly contributes to the livelihoods of about four million Kenyans through food, income and employment (Omiti et al, 2006) . Various Journal of Applied Biosciences 85:7891-7899 ISSN 1997-5902 indicators however, show that the sector's performance is much lower than its potential. Milk yield has invariably remained at an average of 6 Kg per cow per day since the early 1980s (MoLD, 2010) , despite a potential of more than 15. The country's per capita milk consumption has remained invariably below 100 Kg for all time, while the WHO's recommendation is 200 kg (FAO, 2007) . The country's negligible total milk export quantity is a further indicator (MoLD, 2010) . Empirical findings are that the country's milk is expensively produced, making it unaffordable to a large proportion of the population. The following are some past studies regarding milk production and marketing in Kenya: farmers' adoption of production technologies (Makokha et al, 2007) ; nutrition (Ongadi, 2006) ; smallholder dairy profitability (Omiti et al, 2006) ; genetics (Kahi, 2004) ; production systems (Bebe, 2003) ; and milk production and marketing (Ngigi, 2002; Staal et al, 2008) . Despite the many recommendations, milk yield has remained low and it's per unit cost of production relatively high. This study estimates the efficiencies (technical and cost) of dairy farms in Embu and Meru Counties of Kenya. According to Kumbhakar and Lovell (2000) efficiency represents, the degree of success which producers achieve in allocating the available inputs and the outputs they produce, in order to achieve their goals. Efficiency estimation provides an indication of the percentage by which potential output could be increased, or potential cost decreased, in relation to the corresponding production frontier (Kokkinou and Geo, 2009 ). Farrell (1957) provided a measurement application on U.S. agriculture and was the first to measure productive efficiency empirically. His study on efficiency measurement led to the development of several approaches to efficiency and productivity analysis. These approaches include the parametric stochastic frontier production (Aigner et al, 1977; Meeusen and van den Broeck, 1977) , distribution free approach (DFA) and the thick frontier approach (TFA); and the non-parametric Data Envelopment Analysis (DEA) (Charnes et al, 1978) and the free disposal hull (FDH). In parametric approaches, a functional form is assumed and econometric methods are used in estimation. A functional form is imposed on the function (production or cost) and assumptions about the data are made (Chirwa, 2007) . The function estimation is mostly performed by employment of stochastic frontier analysis (SFA), which accounts for both inefficiency and random noise effects.
MATERIALS AND METHODS
Description of study area, sampling technique, data sources and collection method: Embu and Meru Counties lie on the Eastern Central highlands of Kenya. Embu County is at 0030 o S, 37 30 o E and Meru at 0 o , 38 00 o E. They cover an area of 2826.4 and 6924 km 2 , respectively. Their rain seasons are March to May and October to December with annual rainfall totals ranging in-between 600-2200 and 500-2600mm, respectively. The temperature ranges for the respective counties are; 12-27 o C and 11.4-28 o C (Jaetzold et al, 2007) . They border Mt. Kenya and are ideal for dairy farming. Their respective human populations are 516,212 and 1,356,301 (RoK, 2009) . The sample for this study was drawn from Embu East and Igembe South sub-Counties within the Embu and Meru counties, respectively. A descriptive survey technique using semi-structured questionnaires was used for data collection and sampling was random. Data on the following was recorded:
• Total herd size (counted); In this paper, the Cobb-Douglas functional form was assumed in specifying the production function. The functional form is easy to estimate and allows the focus to be on the error term (Kumbhakar and Lovell, 2000) . The maximum likelihood estimates of the parameters of the production function were estimated using the procedure in the FRONTIER 4.1c (Coelli, 1996) econometric software. The function was specified as;
In Yi = β0+ β1 ln Xij + β2 ln X2ij + β3 ln X3ij + β4 ln X4ij + β5 ln X5ij + β6 ln X6ij + β7 ln X7ij + β8 lnX8ij+β9 ln (1
Where; ln represents logarithm to base e; subscripts ij refers to the jth observation of the ith farm; Y is the total milk output in kilograms; X1 represents the total herd size; X2 is the milking herd size; X3 represents the cow breed; X4 represents the daily amount of roughages to the herd (Kg); X5 is the average amount of concentrate feed per farm per day (Kg); X6 represents the average quantity of mineral supplements per herd per month (Kg); X7 is the average number of labour hours per herd per day (Hours); and X8 represents the size of land owned (Acres) and X9 represents the presence or absence of chaff-cutter technology in the dairy farm. Cost Efficiency Estimation: The translog function was used to specify the stochastic cost function because it allows the data to drive the shape of the cost function with few restrictions. Under the translog specification, the one-sided error component ui captures both input oriented technical and allocative inefficiency (Nadolnyak et al, 2000; as cited in Lucila et al, 2005). The model was specified as shown below and estimated using FRONTIER 4.1c program (Coelli, 1996): Ln (TC/cfeed) = β0 + βy ln output + Σjαj ln (pj/cfeed) + ½ βyy (ln output) 2 + ½ ΣjΣhαjh ln (pj /cfeed)* ln (ph/cfeed)+ Σjαyj ln output * ln (pj/cfeed) + vi +ui,
Where; TC is the actual total cost of production; cfeed is average price of concentrate feed per day; vi represents the deviation from the frontier due to random events; ui represents inefficiency; ß is a vector of unknown parameters, and; pj is the unit cost of input. After normalizing the total cost and the input prices by the price of concentrate feed and expressing all the variables in logarithms, the estimating equation became: tcost = β0 + β1 outpt + β2 rfeed+ β3 minsuppls + β4 labr + ½ β5 outpt 2 + ½ β6 rfeed 2 + ½ β7 minsuppls 2 + ½ β8 labr 2 + β9 outptrfeed + β10 outptminsuppls + β11 outptlabr + β12 rfeedmin + β13 rfeedlabr + β14 minsupplslabr + vi + ui,
where, tcost= total cost of production (Ksh); outpt= total farm milk output/day (Kg); minsuppls= total price of mineral supplements to the herd/day (Ksh); labr= average cost of labor per day (Ksh); outpt 2 = output x output; rfeed 2 = roughage feed x roughage feed (kg); minsuppls 2 = mineral supplements x mineral supplements (kg); labr 2 = labour x labour (Hr); outptrfeed= output x roughage feed; outptminsuppls= output x mineral supplements; outptlabr= output x labour; rfeedmin= roughage feed x mineral supplements; rfeedlabr= roughage feed x labour; minsupplslabr= mineral supplements x labour.
RESULTS AND DISCUSSION
The study revealed that farms underfed their dairy animals leading to reduced milk yields relative to their genetic potential. Dependence on rain-fed fodders and pastures on small land sizes was a plausible reason for the inadequate roughages. Similarly, in western Kenya, inadequate roughages constrained dairy productivity among smallholder farmers (Owuor and Ouma, 2009) . A summary of descriptive statistics on diverse variables is presented below (Table 1) . The dairy farms achieved an average efficiency of 83.7%, implying that in the short-run, there is a scope for increasing milk production by about 16.3% without increasing the current input level. This could be achieved by motivating the farmers through policy changes that are geared towards reducing dairy inputs costs and making milk prices predictable.
Other studies on technical efficiency on dairy farming that reported almost equal mean efficiency levels include; Cabrera et al. (2009) and Alemdar (2009) . Milk yields would more than double if all the inputs in use at the moment were to be proportionately doubled, as indicated by the total output elasticity of 2.11, implying that dairy farmers could benefit from economies of scale linked to increasing returns.
MLEs of Stochastic Frontier Cost Function:
The stochastic frontier cost function estimates are presented in Table 4 . The cost elasticities with respect to output and input prices had a positive effect on costs. The output elasticity though positive was not significant. The results show that roughages and labour were significant at 1% level. There was no strong empirical support for diseconomies of scale as the coefficient of output 2 though positive, was not statistically significant. Cost elasticity with respect to roughages indicates diseconomies of scale, given the statistically significant positive coefficient of rfeed 2 . 
Cost Efficiency Estimates:
Results showed cost efficiency estimates to range from a low of 1.01 to a high of 1.14, with an average efficiency estimate of 1.044. The means for Embu East and Igembe South sub-Counties were 104.8 and 103.4, respectively. There was a discrepancy between each farm and its best practice cost, with farms operating at about 4.4% higher costs, resulting mainly from both technical and allocative inefficiencies. This finding however, indicates that the farmers in Embu and Meru Counties performed relatively well in terms of cost management. Smallholder dairy farms in six provinces of Northeast Thailand operate at 26% above the frontier costs (Lucila et al, 2005) . Kavoi et al. (2010) found smallholder dairy farmers in the transitional zones of Machakos and Makueni Districts of Kenya operating at 27.45% above the minimum costs. He found road infrastructure, extension and credit facility being significant in reducing cost inefficiency. Farmers could lower their milk production costs in the study area by maintaining an optimal milking cow-herd size and using yieldenhancing technologies. Feed technology options that could potentially reduce costs while maintaining yield levels are also necessary. Roughage feeds contributed the highest proportion (53.9%) of the total cost of milk production in the study farms. Many other studies including Alvarez et al. (2005 Alvarez et al. ( , 2008 and Lucila et al. (2005) had results close to those of this study. There were no economies of scale in relation to the costs of the roughages. According to Pichet, scientific evidence from many developed dairy producing countries show that milk production is much more dependent on the quantity and quality of feed rather than on the genetic makeup of the animal. The implication of this finding is that dairy farming will depend on adequate and affordable roughages, which could be better achieved where farm sizes are not severely limited. The policy makers could also come up with measures to improve on rain water catchment, storage and use. Dairy farms provided an average of 2.2 kg of concentrates to supplement the roughages. It was not clear why farmers in the country use almost equivalent amounts. Lukuyu et al. (2011) and Njarui et al. (2011) , found farmers providing concentrates based on the flat rate of 2 kg per cow per day. The quantity of concentrates fed to dairy cows correlated positively with milk yields in the study area. An increase of concentrates by 10% increased milk yield by 5.9%. Alemdar (2010) , Saravanakumar and Jain (2007) and Binici (2006) reported close results to those of this study. The reasons for underfeeding animals with concentrates were its cost, farmers not keeping production records, lack of information on its importance and learning from the other practicing farmers and less from the extension service providers. This study found an increase in mineral supplements by 10% to increase milk yield by 2.8%. Unfortunately, the average amount of mineral supplements provided per cow per month was only 1.1 kg as opposed to an average of 3 kg per month at 100 g/day (MoLD, 2003) . Although some minerals are present in roughages and concentrates, dairy cows require daily supply of additional commercial supplements. The number of labour hours invested in dairy farming was 37% above recommended 1.6 hours per cow daily (MoLD, 2003) . Such labour usage coupled with long distances (47 % of the farms had small sized plots about 3.3 Km away) between the dairy farm and the other owned plot(s) undoubtedly exaggerated the cost of milk production. FIAS (2006) found farmers in Pakistan employing approximately 50% labour input above the minimum recommendation. Labour productivity on smallholder dairy farms could be improved by adopting better farm management practices (efficiency improvement), expanding dairy herd sizes (increase in operational scale) and increasing milk yields (mainly per cow milk yields). This study showed that roughages and labour substitute for one another in milk production, so costs are reduced by using them together. Kavoi et al. (2010) in a study on measurement of economic efficiency for smallholder dairy cattle in the marginal zones of Kenya reported similar findings. This implies that efficiency in labour utilization (which would reduce labour demand) is one of the options for decreasing dairy farming costs. Further, increased efficiency in roughage use would reduce wastage, thereby reducing the labour demand, which could decrease the total cost. In a case where quality roughages are available at a lower cost than would be grown by the farmer, then, that would lead to a decrease in labour costs and at the same time the total dairy farming costs. A comparison between Kenya's cost of milk production and other producers: The continued liberalization of world trade and the accelerating international competition for markets, require farmers to consider the competitiveness of their products (Roche and Newman, 2008) . The cost of producing a kilogram of milk in Embu and Meru Counties was US$ 0.43 (US$ 1=KES 85). According to the FAOSTAT and IFCN (2009) , the following were the costs of producing a kilogram of milk in some other countries; Uganda (US$ 0.26), Pakistan (US$ 0.1), Vietnam (US$ 0.15), Bosnia and Herzegovina (US$ 0.3), and Argentina, Brazil, and New Zealand (varied between US$ 0.07 to 0.17). This finding indicates that Kenya's milk remains uncompetitive in the market, making it inaccessible to both the citizens and their neighbours. Competitiveness in the market place for homogenous commodities such as milk is largely determined by costs of production.
CONCLUSION
Dairy cows were underfed (received 52 kg of roughage against 100) and produced less milk than their genetic potential (9.3 kg against 20). The number of milking cows and quantities of feeds and mineral supplements were the major determinants of the amount of milk a farm produced. A proportionate doubling of all the inputs in use at the moment could more than double a farm's milk yield, indicating that there exists an opportunity to benefit from economies of scale. The dairy farms were inefficient, achieving an average of 83.7% and 104.4% technical and cost efficiencies, respectively. The average cost of producing a kilogram of milk was Kshs 37.4. The cost of roughages and labour constituted the highest proportion of the cost, and not the dairy farm inefficiencies. A skilful balancing act in the use of roughages and labour could lower the cost of milk production. Further, if both efficiencies were optimized, the cost of production could reduce by about 22%, from Kshs.37.4 to 29.2, thus increasing its affordability. The policy makers should discourage continued sub-division of agricultural land while concurrently promoting farm enterprise specialization and initiatives that lower the costs of dairy farming inputs.
